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ABSTRACT

The development of CD-ROM technology has produced significant ranufications
for mass storage applications. The CD-ROM's read-only nature and its ability to store
over 300 megabyvtes of data on a single disc will eventually revolutionize the historical
and archival database industries. The U.S. Navy is particularly interested in the space-
saving and weight reduction capabilities of CD-ROM as compared to the current
magnetic and paper media. Adaptability and feasibility are the primary issues to be
faced when considering the integration of CD-ROM into U.S. Navy applications. This

o

study addresses these issues and determines that CD-ROM will plav a significant role

n the Navy's efforts to create a "paperiess ship” by 1590.
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[. INTRODUCTION

A, GENERAL REMARKS

CD-ROM« «Compact Disc Read Onlv Memories) provide computer software
applicatons Jevelopers with intriguing possibilities of making hundreds of megabytes,
even gigabytes of data readily accessible to personal computer users. Such massive
storage capacity opens up new realms of potential applications for microcomputer-
software developers.

he CD-ROM has a thousand tumes the storage capacity of a floppy disk. In the
computer indusiry, we orten impreve things by a factor of two or three and the new
appiicanons are coasidered evolutionary. But a one thousandfold increase in storage
capacity enables us to create rich and multfaceted new applications. (Gates. 1980, p.
Xi)

Furthermore. a floppy disk can store only a few seconds of full motion, full
screen color video, whereas a single CD can store as much as an hour of such video
images. The floppy can store only three seconds of high-quality audio. but the CD can
store an hour. It is this remarkable power of the CD-ROM disc to digitallyv store video
images, audio, data, and computer code in any combination that emphasizes its vast
notential.

CD-ROM! technology is derived from CD audio technology and uses the same

asic drive mechanisms and disc manufacturing processes. Because of this close
rclationship. CD-ROM plaver and disc development has benefitted directly from the
technological advances and cost reductions assoctated with the rapid growth of the CD

audio mdustry. (Einberger, 1987, p. 31)

<

B.  THE TLOCD SYSTEM
Transuction Ledger on Compact Dise (TLOCD) is the culmination of a U.S.
wavyosupnerted  thests project conducted i the spring of 1987 at the Naval
Posioraduate School in Monterey, Califorma. Tt mvolved the wansfer of some
2o oo records contaming historical transaction data [rom a magnetic wpe meditn
cCD-ROND dike. The records represented all transactions conducted by the Nawul
Suppiy Center at Qakland. California. for the months of October and November 19860,

The records were uarranged into three tvpes of files according to their particular
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crannty oo hand and quantty on order. The "Audic Tral” fles consist of perrinent
data abou previous transactions.

Reerence Technoiogy Tne. of Boulder, Colorado, was tasked with transicrrng
Coe dana, creauny dhe indexes, and pressing the dise. They also provided the svsrem
sciware to interiace bewween IBM comepatible personal computers and the CLASIN
Datadrive Series 300 disc plaver manufactured by Hitacht. A list of the hardware and

sovnware mutiadly wtlized by the TLOCD svstem can be found in Table 1.

TABLE L
TLOCD HIARDVARE AND SOFTWARE CONTIGURATION

Zenith Z-248 2C (IBM PC/AT Compatible) with :
-20 Mbyte Winchester Drive

-1 360K Double-sided, double-density

-5 1/4 inch floppy disk drive |
-640K RAM i
-Intel’s 80286 16-bit Microprocessor z
-8 MHZ Systems Clock

P4

Zenith RGB/ENHANCED COLOR MONITOR

) .'I".l}
:. ..’ '-[ -l‘ T

CLASIX'M DataDrive®M Serties 500 |

;'J' i

[
1
-

©

'

SOFTWARE

. s

Standard File Manager :
g Xey Record Manager ‘
- Application Specific file access software

i
»

@

-\ -.
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A sasc TLOCD aidows the user 10 Guery Jdatd i mudh the same way ws the [LOD
o sovtent The oniy dulerence v the more cifecuve CD-RONM storege medium used v
v, -
t . LOCD. However, the user never actually hds 10 Xnow witether the data s stored by
A convenuonat means or wiether 1t resides on a CD-ROM.

j',-:' C. OBIJECTIVES

r. " ' Unless the Sle structures for a CD-ROM application are designed carelullv, the
§ tt &

\3 application s performance s likely to sufler. Typicaliv, poor CD-ROM periormance is

i ) ' N . . S . ,, e
O the reswit of iile-structure design that reflects "magnetic-disk  think.” Appiication
.t ‘ . . : .
N Jesizners often wend to apply rules of thumb learned from working with maznetic
.

: medid. Instead, one needs to focus on the unique strengths and weaknesses ot the CD-

vZeellick, 1N60p 177

/-
~
s
-

e ) - : i el e . - - ¢ r . . N -4 - I s lormyagepe rey 1t

(2os the purpose of dhis paper o examine these strengihs and weaknesses inorhe
dreas of ndexing., e manugement, and application solitware issues and 1o mase
- RO I . % © e : . ORI TN . sl g
recommendaiions to be considerad by future Navy rescarch and Jdevelopment in mass

storage applications.  Additonally, the f{easibility and  adaptability of CD-ROM

technology into U.S. Navy cavironments will be addressed. The TLOCD prototype will

e pe referenced throughout this report.
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SN A.  GENERAL REMARKS
-\~ -~ . - - . . .
CD-ROM enjevs tremendous leverage based from the success of digital audio.
‘-) Both products use the same 12 centimeter plasue disc for storing data, and both
" enrplov the same basie manufacturing and plavback technologies. CD-ROM thus
:;-: Benetits from the volume-related cost savings that have driven down the prices of
ey . ~ ; : y
A~ drzital audio and made 1t so popular and affordable.

The raw specifications of CD-ROM are staggering. A single 4.72 inch disc stores

b=

<SS R «v\'x\ Q'

¢ tee the equivalent of 1300 {loppy disks or 28 20-megabyvte hard
CINRN, Lu 2300 sages--300 books--whole  encvelopedias. Yet anv picce of
mormation on the dise can be jocated and displaved in two or three seconds. (Delrav,

LUNOn Sy

B. PHYSICAL FORMAT
The CD-ROM's phvsical format is defined by a standard developed by the

Philips and Sony corporations and 1s an extension of their compact digital audio disc
— standard, However, this digital audio parentage afso constrains the CD-ROM to an
".:T'_: unimpressive random-seek performance. In parucular, the underlving digital audio
::j:f: tormat results moa data format that 1s based on constant lincar velocity (CLV)
:":;:‘ recording.
= Most magnete disks use constant angular velocity (CAV) format. Figure 2.1
_2'27, shows the sector organization of a tvpical magnetic disk. Note that the sectors on the
f inner tracks are smaller than those on the outer tracks. This is because CAV is
':f.l-', aecthier wav of saving constant rotational speed. With a CAV format, the lincar
.-_—.' clouity of the disk surface relative to the disk head is greater on the outer tracks where
:-f::; v disK s arcumference iy greater. The outer sectors are also physicallv larger.

: Fioire 2.2 Hustrates the CLV sector formuat of w CD-ROM. The relative speed of
N e suriace and dise head stavs the same. even as the head moves awav from the
: oo ol tie dines A CD-RON rive maantains this constant linear velocty by actuadly
l' Checsins te Jec's rotational spe as the hiead moves from track to track. The CLV
\.E-:: tormat resuits m sectors of equal leng-h The actual number of sectors encountered in a
_‘,.": sinoie dine rotation ranges rom about nine on the inside of the dise to about 20 on the
®.
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Figure 2.1 Sector Organization of a CAV Magnetic Disk.

outer cdge. Thercfore, recording must be done in a spiral rather than in a series of
¢s. Recording begins at the inside of the disc and spirals outward.

The great advantage that CAV recording has over the CD-ROM’s CLV format is
that the CAV organization makes it casier to find the beginning of a particular scctor.
Suppose one wants 1o jump to a specific sector relative to the start of a file. With a
CAV format, where each track contains a fixed number of sectors, it is very casy to
transiate this relative sector numnber into an absolute track and sector address, given
the track and sector address of the start of the file.

There is no simple, fixed relationship between a CLV track and the number of
sectors on the track. Therefore, translating a relative sector number into an absolute
tack and sector address is more complicated. In addition, head movement must be
acenmpanied by tie mechanical process of speeding up or slowing down the rotational
oot ol the dise. Together these account for a major part of the CD-ROMs relativels
soor mertermance inJocating the desired track. The time required to find the beginning

cf & particular track is referred to as seek time.

[P
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Figure 2.2 Scctor Organization of a CLV CD-ROM Disc.

On the positive side, CLV recording makes more efficient use of the disc surface.
Ruather than spreading out data on the outer tracks as on a CAV disk, the CLV {ormat
packs the data on the outer tracks just as tightly as on the inner tracks. As a
conscquence, a CLV disc can hold much more information than a comparably sized
CAYV disk. From the standpoint of audio recording, where the primary modc of access
1s scquential, the CLV format is ideal. It packs the maximum amount of music on a
disc without exacting a performance penalty. However, when you build a data format
cn top of this audio tormat, you pay for increased capacity with decreased scek
cerformance. (Zoellick, 1986, p. 178)

C.  PHYSICAL ADDRESSING

The CD-ROM’s CLV format rules out using the familiar track and scctor
addressing schemes used for most magnetic disks.  Instcad, the CD-ROM uses a
sehicmne that can be traced directly to its audio background. Each disc is said to have 60
“minutes” werth of data. Each minute is composed of 60 scconds and cach second is

made up of 73 scctors. A single scctor can hold 2K bytes of data. Thercefore, the entire

14




o aun ond S20000KN a0 ko0 X TS 2N butes. The ortgin of the dise iy specitied as

G COrO RUNULSY, ZOrO seconds, seCtor Zerok
Applicution developers need not worry about the phyvsicul addressing details on
S . CD-ROMIs, just as thev do not concern themselves with such details on magnetic
- media, The operating svstem will convert the physical view into a logical view. allowing

the disk to be regarded as a collection of named files rather than a collection of tracks

and sectors. Laser-disc operating systems provide the same type of support for CD-

2 ROMS.

.~

i D.  PERFORMANCE MEASUREMENT

: Good CD-ROM software design must reflect an awareness of the CD-ROM's

weaknesses, in particular its poor scek performance. Table 2 compares a typical CD-

::‘: RN drive with two different tvpes of magnetic-disk drives. The comparisons incjude
: capacitv, seek performance, and  data-streaming performance during a  series ot

X :;:: sequental reads of contiguous data. The sequential-read performance on the magnetic

Jisk assunmies an interleave factor of five, meaning that it takes five disk revolutions to
read all the data in a given track.
An average seek on a full CD-ROM takes five times as long as on a 10-megabyte

hard disk. When compared to a high-performance magnetic disk. there is more than an

order of magnitude of difference in the seek performance. When Jesigning software for

. .. . . - - . . ~

AN a magnetic disk, a major cfort to avoid seeks should be made. Given the cost of sceks
A .

on a CD-ROM. even more stringent measures should be taken to avoid an average
P . _

e seek. (Zoellic Bill, 1986. p. 180)

Ilowever., Table 2 demonstrates that the cost of a short scek covering only a few

J’ Ci

ot racks is relatively small. This 15 because the CD-ROM onlyv necds to move the mirror
Y
',:I: used to position the laser beam on the disc. It does not have to move the sled
R, .. . . . . .
.-':. containing the nurror, lenses, and other parts of the disc-reading mechanism. Instead,
o et
.__, tiie laser bounces a pmnpoint of light off the CD-ROM’s surfuce, which consists of a
S patiern of subnucroscopic pits. This information is converted into a digital signal and
-::;: read by an optical dise drive
e This dicparity between the cost of a <hort, local seek and a lenger one is of
.',’ comdioant dmportance. [t means that every opporrunity should be taken to minimize
e the pheosicad distance between parts of a file 1o be used in succession. Sinee the €CD-
e RONS sequential-read performunce as shown in Table 2 is very respectable, reading a
k.
wrege blodk of data does not cost that much more than reading a short one. The
o0 arinary cost s locating or finding the block.
Ny : =
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TABLF 2
SEEK TIMES OF CD-ROMS VS. MAGNETIC DISKS

CD-ROM Average microcomputer hard disk
f Capacity 540 megabytes 10 megabytes
l Number of tracks
L per read head acorouwmately 18C00 512
! Track-to-track seek 1 ms 3ms
i Average seek 530 ms 100 ms
: Maximum seek 1 sec 200 ms
i - Rotational speed approximately 300 rpm (vanable) 3800 rpm
' Average latency 100 ms 83 ms i
i Transtar rate !
i for sequential read 120K oyvlescag 85K bytes/cec

Scurce: BYTE, May 1980.

E.  CD-ROM BENEFITS

The CD-ROM’s adequate scquential-rcad performance and its ability to rapidly
seck over the range of a few tracks arc important to the design of good software. ts
most beneficial characteristic 1s that it is a rcad-only medium. It is nenerasable. Tor
applications demunuing sceure storage of original versions of valuable documents,
images, or data streams, the primary advantage of noncrasibility is evident: once the
Jdataare recerded, nobody can modify or crase them short of physically destroving thie
nediun «Mocere, 1984, p. 72)

Two other benclits arise {rom the fact that a CD-ROM has a read-only nuature.
Pivst of uwil, there are never any concerns with inscrtions, deletions, or medilications,
Therelore, whea building a tree, the most frequently used records can be placed in the
nodes newrest the roots because they are never going to change. Sceondly, the costs of
wiiting and reading are not equally balanced. A CD-ROM is written only once but is
read over and over again. Therefore, more time and effort should be put into the initial
construction of fies and indexes in order to obtain the fastest retrieval possible,

Iarthermore, builiing the file and index structures is often done on a larger machine,

[ v

while the sermieval is most hikely to be done on a micro. If expensive tasks such as

Procdanaiveis and text formatting are necessary, it is better to do them once with the
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irger compurer tolore creating the Jdise. Data for a CD-ROM are norualiv used
nteractvely but are usually prepured in a batch-processing mode. This provides mere

inventive to do as much work as possible while stll in the writing stage. S
athier CD-ROM advantages.

ce Table 3 for
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.'- " . o
(¢ ADVANTAGELES OF CD-ROM
N a4 i
ol
A
:_‘: [
A : ® PERMANENT/DURABLE: It is an excellent archival medium (currently Sony
Eh : disks are guaranteed for 50 years.) Also very rugged and abie to withstand
) i adverse weather and handling conditions.
a."x: * @ NON-VOLITATILE: No loss or altering of data during power failure or surges. I
N
:}:, ; ¢ LOW COST: The ‘per MB' cost of data is less than any storage medium.
N * EXTREMELY PORTABLE: The media is remov able and offers portability of !
s ata.
- ® STCURITY: Physicai control can be maintained easily and thus large ]
e quantities of sensitive data can be controiled. Also, the possiblity exists to !
T ‘ manufacture the disk out of glass instead of polycarbonate material and thus, |
N ; for military purposes emergency destruction could be easily accomplished.
N ",l' E ® SMALL PHYSICAL VOLUME/WEIGHT: Easily carried, or mailed etc, at a very
i | reasonable expense.
S ! o NOT ABLE TO BE ALTERED: This media is Read Only Memory (ROM) and as
W | such, itis extremely useful for audit trails in the legal and financial world
= ! where magnetic media have not been allowed as evidence due to the
3N ; alterability of that media.
- !
: :-’-'_ : ® ENORMOUS DATA STORAGE CAPABILITY: Up to 600 MB of data on asingle
i - ‘ side of a single disk which is only 4.72 inches in diameter,
Ao : e USER FAMILIARITY: It is simply another PC peripheral that, to the user,
e - ‘ looks just like a read onty MS-DOS etc. disk. Also, the average user has had
I ‘: experience with the same physical disk in the CD-Audio environment and
o \ therefore feels more comfortable with it all ready.
-,.' \ ® BACKUP IS ELIMINATED: There is no need to backup the disk because it is
D) ‘; ROM. Forsafety sake, mulitiple copies can be ordered at the time of disk
\ pressing and stored in separate lacatians.
| )
ﬁ 1 ® ELECIRU-MIAGNETIC PULSE (EMP) HAS NO EFFECT: This is not a magnetic
"',:'G : media and therefore any sort of electro-magnetic energy has no effecton it.
e | o .
, " j ® 1O HEAD-CRASHES: The read-device is optical and does not contact the
) 'f‘_: ’ disk in any way, therefore, head-crashes are virtually eliminated.
. |
'v::"- i
1
[ :::.“-
~
o
My _“.
'\-:.,\
p
.- |
e Tourca: Lind Thesis, p. 26. |
pos |
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1. CD-ROM APPLICATIONS

A, GENERAL REMARKS

The basic technology for read-only optical dises was developed to distribute
movies and high-fidelity music, Consumer clectronics companies spent hundreds of

nuilions of dollars over the past decade in Europe. Japan. and the United States to

raaixe the videodise and audiodisc inexpensive, reliable, and long lasting. As a result,

data Jdistribution on CD-ROMs was a natural and direct extension of the basic

teehnelogy, (Hensel, 1986, p. 487)

[rformation users who have access to @ microccmputer and opucal dise plaver
re now able 1o aceess entire collections of databases that have been piaced on CD-
ROM. The resulting savings are significant. Even if there 1s no other reason for buving
e nucrocomputer and dJise plaver. they payv for themselves with a few hours of
acuvity per week when the alternative i1s online connect charges. However, much
greater savings are possible. The Internal Revenue Service has begun a project entitled

[ile Archival Image Storage and Retrieval” which it estimates will save as much as

230 mullion annually in storage costs. (Contract, 1980, p. 18)

B. LIBRARY APPLICATIONS

CD-ROM library applications are essentially of two types. On the one hand theyv
are designed as support tools for library automation activities, including traditional
book cataloging and local public access catalogs. On the other hand. they provide
mexpensive around-the-clock availability of Jatabases previously produced in paper
format. « Melin, 1987, p. 309)

A ceritical problem often faced by librartans is the growth of their cotlections,
cspecially the periodical and resource indexes. Increasing volumes of new data. in both
~rint and microtorm. have meant thut increased space is needed to house them. The
iy ef CD-RONMN to store hundreds of thousunds of pages i a limited space s very
arrendiig for this very reavon. The medium s pracucally indestructible. Not onfv cun
dasens of reoks be stored on dise, but rare and fragile documents, never betore made
Leananie to the public, can also be stored i their onginal form without concern that

thov il be damaged or destroved by patrons.
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Crroficr Enovaiopedia nas already praduced a version of the eademic dmerican

o optedl dises Alsol the Library of Congress is currently conducting a
special opucal dise pilot program that includes rapid high-resolution scanning, storage

and retrieval of images of journal titles, law materials, manuscripts, sheet music, maps,

and technical rcports. The British Library is experimenting with the development of

minticgraphic les on CD-ROM.
\Ioreovc;. Sottware Mart., Inc. (SMI) has developed an illustrative dictionary
with voice annotation on CD-ROM. It is called The Visual Dictionary and could propel

tustrated consumer dictionaries into foreign language training vehicles. (Kuhn, 1987,

-~

p.J)

C.  MEDICAL AND LEGAL APPLICATIONS

[t can be argued that where Xnowledge 1s concise, it should be delivered in a

concise wav. This is particwiarly applicable to climcal, action-oriented knowledge.

cHuntung, 1986, p. 329) Micromedex, Inc. has applied this approach with considerable
success and has produced the first medical information product to actually achieve
commercial successful distribution with their "Computerized Clinical Information
Svstem” (CCIS). The application utilizes highly structured menus that combine casily
understood screen displays to bring clinical nianagement protocols into the emergency
room with remarkable speed and precision. This design is successful because it
ccognizes that the emergency room phyvsician or poison center technician is not
working in a contemplative environment when he or she has need for the product. On
the contrary, there are a multitude of distractions. perhaps even a life hanging in the
balance. Consequently, the information must be delivered concisely and accurately
with no time for discussion or debate. (Huntting, 1986, p. 531)
The world-wide use of CD-ROM in the medical ‘and health fields continucs to
grow. The Canadian Center of Occupational Health and Safcty has incorporated the
largest publicly available chemical database onto a CD-ROM and has included it in its

ef>rts to improve duta distribution and emplovee salety programs. (Abevtunga, 1987,

Azrorness and tax accountants must review a trenendous amount of reference

maternd that may be relevant to their clients” legal or tax needs. Lquipped with an

antire clectronie Librars at their fingertips, attorneys and tax accountants are sure to
Snd ot casier to truck dovwn and review material and thus improve their ability to serve
their chients. CD-ROMN s an ideal medium for many legal applications dealing with
tanes, statutes, case histories, legal forms, and patents.

20
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D, CARTOGRAPHY APPLICATIONS

] One CO-RONM cun store w4 compiete digital map ot every street in New England
R lus addinicaunl intormation equivalent to 300 unabridged copies of Moby Dick. The
:\) busic map nrormation, judictously compressed, amounts to 120 to 150 bytes per street.
C:::: Sinee o0 nercent of the ULS. population lives on about one million streets represented
'::::‘j e Census Bureau's tiles. a simple extrapolation allowing for rural streets that
-y wiggle mere than their urban counterparts, vields a nationwide digital map that will fit
0“ -.f on a single CD-ROM. (Cooke, 19806, p. 500)
j'_:'-j [t would be more appropriate to publish regionul or state discs supplemented
::;EZ with a wealth of information targeted for specific murkets. The business edition, for
example. would contain a list of all companies in the region indexed by both industrial
Cr clussilication and geovraphic location. The fanuly edition would have Jduta about
'; seslauranis, ourist attractions, shopping centers, stores, and muscums.
:'.:::_ Delorme Mapping Svstems of Freeport, Maine, has stored DceLorme’s 1 oild
N Adas on CD-ROM. Also, the Compaq Deskpro 386 displays maps of the entire carth
. from one laser disc in conjunction with a personal computer (Vizachero, 1986, p. 38}.
LaserPlot. Inc. has produced the first CD-ROM-based position tracking system
for marine navigaton. [t displavs full-color, digitized National Oceanic and
Awtmospheric Administration (NOAA) charts in various scales (Belanger, 1987, p. 13).
(
\'_:'_: E.  US. NAVY APPLICATIONS
Current investgation into the interests of CD-ROM technology in the U.S. Navy
.

x

revealed a NAVSLEA  sponsored  project  entitled “Computer-Aided  Technical

[nformation Svstem” (CATIS). CATIS is primarilv involved with the placing of

[
pel

C

o

i o engineering technical manuals for the Trident-Class submarines onto CD-ROM discs.
[urther investigation discovered an ongoing project at the Naval Ship Weapons
_’ Suvstem Engineering Station (NSWSLES) in Port Huencme, California. The project has
A - . . . . - .
ceen tabbed 7 DEngineering Data Management Information and Control System

‘o CEDMICS) and 1s involved with placing engineering diagrams onto CD-ROMs for use
S Beomnyor industrial fucilives. (Lind, 1987, p. 60y

)(:-.: Irnaze Cenversion Technologies has been awarded a 82,5 miltlion contruct lor
@ cnage management services for the "Naval Print on Demand” svertem. TCT will digitize
;..- arout LY muiiion puges of military specifications to be stored on two SU-gicabvte
:*3 eptcal dise borary units, [CT's management system will be used for storage, indexing,
v C . g .

y and rerrieval of all documents to be printed, while its order-entry svstem will be used to
L/

o ]

i -

>

.

)‘-

oY

L]

.

N

I'J

R B R L A Ll o S O o N TN NN g
TNy N '.’-.".’\.', '. ‘.‘.'M.' ra \..'.'v,'. e P WL > EN AN




42 7
L N ]
L ]

]

.

aa g
L

a
»

d
»
0
-t

hY

»
»

P
& N
' 4

l'f 7’2
PR
ISHAN

-

T

4!

>~
x

p d
s

(M

W
7’
ol

]

Y - ooy
EA LA
S 4"

QN

2

[
b
P

-

y /
-
P
Ry
.

5y

»
AP

By

Lo

hY

-~

A

L}
e

PR AP

s te fe W G 4
A

S e

LY

'l‘l.
g 5 0 0

N

s
a
[

-

-}S

-._;-; [ J
Pl n N

!

.“
g0y

L

.,

-

e
-\(\-

5
L

muanage orders and periorm administratve operations. The anticipated printing volume
i 2230000 nages per day rith a required turn-around time of two davs. (Lind. 1987 p.
ol

The Navy is also conducting research on CD-ROM technology at the Naval
Postgraduate School in Monterey, Culifornia. The thrust of this research is concerned
with the adaptabiiity of svstems such as the TLOCD prototvpe addressed in the

introducticn ol this paper.
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IV. THE TYPICAL CD-ROM DATABASE
’i'.‘
o A, DATAFILES
g
::1.: 1. Data Records
The purpose of anyv database is to provide access to its data records. The data
! ) !
L) . —~ - .
'\_-:. records mn a CD-ROM database can be of either fixed length or variable length. The
-
AN muaximum size of a CD-ROM record is 2147483047 butes, but there must be a
e
o . .
o memory butler large enough for the largest record to be read.
2. Data Records and Keys
) . . . . . . . . . .
- News are fixed-lenath byte strings which are erganized into mdexes <o provide
'I"
AW N . . - . 1 R i T el e, M . oyt
- access 1o the data records. Keys Jdo not have to be physically contained i the dat
™ b pnd 3
S records and the structure of the records need only be known to the applicaton
.
) program. However, if the Kevs are contained in the records at [ixed offsets from their
AN beginning then this information can be stored in the index headers, thus allowing them
= . . i
s to be accessed by application programs.
o
o 3. Data Records and Indexes
"N
Data record Keyvs are arranged into indexes. Indexing makes it scem that the
Al recerds of a duata file are arranged in the order of the kevs for that particular index.
:'-I‘. Voae . Tey 1 RPN o . . . . -l
e Because muitiple indexes can be supported, there mayv be as manyv orders to the records
--‘Js. )
\:_'. as there are indexes.
<. Physical and Logical Data Files
' . N . . . .
- Files of data records are provided by the information publisher. For example,
N the Naval Supply Center in Oakland provided Relerence Technology with the data
Canty
4“ y . ~ - -~ . P e . . N -
"y records required tor the TLOCD project. The TLOCD application can handle up to 32
I\.
® dwesc wihnch 1s the imut imposed by the Reference Technology file management svstem.
il
e, [hese files can be placed on either optical or magnetic devices or both. All the physical
o chesoare Iocically concatenated to lorm a single logical data file. and the ofisers in the
v,
o hacnes ooy oo edbvets from the begmning ol thus logical fie. A fmited update
9. oty can be supported with muluple data files by fogieadlv appending new data

- Sius Tooenivins data ldes and creating new ndexes for the resuling togical data hile.
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Kews are used to generate key records. Nevs may be ASCII character stringe,

unsigned hyte strings with most significant byvte {irst (e.g. left-justlicd ASCIL or

CBCIDIC texty, signed ntegers with least significant byte first (e.g. IBM-PC and VAXN

integers with least significant byte first (IBM-PC and VAX
ansigned integers.
2. Key Records

Kev records are the units {rom which indexes are formed. They contain a key
iicid, to which other information. including the record’s location in the data file, is

Aived. Figure 4.1 sumumarizes the logical structure of Kev records compiled by

Rororero Tovhnoiom
i
key Recoras !
. ted rength ana position 1
up e 22767 1
hores n feneth |
[ v e e contents ob all Rev records and data :
Sl bor s pone st Do stze ob 2 G tes-l ;
! . !
e a1 Do iecond Fenath Rocond number 1 Koy brri |
LI B N TRAIIINIE toptional ) l Dat ‘
CoS o senad iused, Sord must be used . toptional !
RTTISIIEN BN 2 O N : M tes srencd lor hash table i
: inteeer LSKe 1w . !

Yeurces Kev Record Manacer, po IS

Freure 4.1 Kev Recerd Logical Structure.

v dun record dencthois opdenal because it can be caleulated from the efi-ot

cociea records The Lo record number s needed only for hushi-tihle oo

Coeer caueond nronbor cnn booenledared dieetdy frome the pesition of oorecond g

cooooc oo Dupiioane ke records are dlowed. They are sorted sceondartdy by dotg
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o, S Creating Kev Record Files

Ny

N v reond tles can beocreased by e CH-ROM manutacturer or by the Juta

~ubiisher. The decision should be based on the structure of the Jdata records. If the key

>y Sl -

.4::- N2 nned location n adata recond, the Kev recerds can be generated autematical'y
O

"}:: ovothe dise manufucturer. Otherwise, the Rey records must be provided by the
'-:[ suciinber i the formar as Jesericed i Figure 41

\

C. INDEXFILES

.:::: 1. Indexes

::;:E [ndexes are created by putuing sorted Kev records into an index. Lach key
e index provides access to the data records in the order of the kev records that compose
._ ro Kev records for an index mav be arranged n either ascending or descending erder
:," Dol mdex s assigned anintecer identiler, beginniag withh zero. which is alwans the
::: Jataoindex. Subseguent kevoindexes are assigned integers beginning with one.

The Xev records in the data index contain only the byvte offsets of the dawm

o>~

R records in the logical data file. Since the data index is keved by the record oflsets, it
2 . . . .
provides seguential access to the records in the order thev were received by the
L - - . . - . .~ .
L mantfucturer. The data index for databases with records of fixed length i1s normaily a

virtual dex. For databases with records of variable length., a balanced-tree index

T nY, e

~ contaming the recerd offsets is created. This makes it possible to find a record either by
seguential position in the sequence of data records, or by byvte offset in the logical data
E:'{ sle.
.' The maximum number of indexes to a Reference Technology database is
< 2.137.453.647. However, the number of indexes which can be accessed at one time is
::j bnnted by available memory allocation. Each open index in the database requires
_:': memory for uan Index Control Block (89 bytes, plus 12 bytes for cach level of index)
“ ,

[
-

nd faroo Rev record butier. Assuming two-level ndexes and 32-byvte kev records, an

D [BN PO with 384 Kbvres of availuble memory could support 2711 open indexes. tKev,
- N

2. Hash Table Indexes

L~ Woolsdesvoned hoedo tables sapport exact-nuiteh kev scarches with at most one

v e Pz byokes order widl require at most two dise accesses. Partial-

s Tonocearehos are supperted, but sl require approsmatelv twice as many seeks as
e lcgantiim buase two of the number of index pages n the hash table. (Kev, 1986, p.
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Pae Aoy roeords Dor o nash takie are eatended o include a Lev order record
numter N crossereierence tabtle oappended o the hiash table to aliow peositioning by
xevoorder withy the overhiead of a single additional disc access, and thereby allowing a
Sinary seareh of the hash rable for partial matches,
3. Balanced Tree Indexes

A baianced ree for each mdex is produced by placing Keyv records in fixed-
length index pages. which are arranged in a tree so that examining the records in a
page ot the tree at one level tells which page to examine at the next lower level. Since
there iy only one page at the top levell only one page on cach level needs to be

exanuned to iocate a specilied ke

el

D. CONFIGURATION FILES

A conniguranon e cenuans the tile speciticatons 1the complete volume, path,
mnd namer o each of the data tiles and index tiles that make up a database. [ts
wunction s to map the logical correspondences between index identifiers and the
phisical indexes. Performance considerations may request certain index files to be
copied to a magnetic device. For this reason, a configuration file contains only
rnntable ASCIT characters. This allows the use of a text cditor to modifv the volumes

or paths In a magnetic copy of a conliguration file. (Kev, 1986, p. 24)
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V. KEY RECORD UTILIZATION

A.  KEY RECORD MANAGER

Koy Reeord Manager 1s a software access program for files with structured ticlds
and records. It was designed by Reference Technology primarily as a tool to be used in
conjuncuon with CD-ROM databases. It provides an Indexed Scquential Access
Metihod (ISAM) comparable to mainframe retrieval systems for record-oriente
Jatabases. The Aey Record Manager allows for two index structures, a balanced tree
and o hash table. The Koy Record Manager software is implemented as a hbrarv of C
anguage funcuens that can be hinked to application programis which require access 10

T T S S
NUADTOTICG JAlanases,

B. SAMPLE DATABASE

CD-ROM databases normally consist of large files, each organized into similarly
structured data records which are divided into fields. The data record fields consist of
Kev fields which are indexed and data ficlds which are not. The easiest wayv to
conceptualize such a database is in two dimensions. A data record, the individual entry
for a database. 1s the row: the field 1s part of a column of similar information for each
of the rows.

Figure 3.1 1s an example of a simplified, {ictitious stock market database. [t was
reproduced [rom Reference Technology's Key Record Manager and will be referred to
throughout the remainder of this chapter. The data records in this example are of
variable length and are arranged in the alphabetical order of their ticker tape symbols.

The offset field refers to the offset of the record from the beginning of the data
fle. Tras not usually represented within the record but is implicit in the ordering of the
records within the file. The comment field is text which is not shown completely

tecause 1t varies m length for each company.

C.  USING KREYS TO BUILD KEY RECORDS

There must be a sorted file of kev records in order to construct indexes. It should
Be placed in a hash table or tree for quick wccess. The kev fields of the records are
used to create Key records which contain a copy of the Kev [ield and the oflset of the

record associated with that particular key ficld in the data file. Figure 3.2 shows a Kev

recerd gencerated from the Dividend field in one of the data records.
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Ottset Svmbol Name Exc. SIC Price Earnings Div.  Date  Comment

0 ABC AghusCo N 0112 22 350 1.60 33186 Corp. furiming s
| 10122 BAC Tobacco A ORI 1S 70 Chewing tobacco
: 21677 CAB Taxico No4577 42 6.57 .45 VI5/86 Tius taxi compun
29941 CAR Mceutdne O 0128 8 45 .72 5/1/86  Mecatproducts for

4433 DDE Dicers O 5770 17 1.21 This fast-growin

56678 DRI Realest N 634 | (3.44) Poor investments

73419 DST DenStand O 5057 34 1.21 Designer jeans, i

#8007 EBR EBunks 0O 6776 M 522 1.60  3/1/86  Regional banking

101571 EST Clocks N 5470 22 211 .72 4/1/86  Despite its name

110849 FIN Finbank O 6776 13 186 .00 I/15/86 Suspending the di

Source: Key Record Manager, p. 0.

Figure S.1 Sample Stock Market Database.

Do USING REY RECORDS TO CREATE INDEXES
The indexes can be constructed once all the key records have been created from

thedatniaee evss A complete database would contain indexes for all the data record

reves e mdeves are inoturn placed inndex files and are used to access the data

ercends themselves, The indexes could all be placed in oue file or they could be placed
moepnate fifess Freure 3.3 contains all the indexes generated for the key ficlds in the
cavphe deabases Note that some of the fields such as Exchange, Date, and Commciit

ave e ey fields and therefore cannot be scarched.

. SEARCHING INDEXES

[ndeses are a space-saving deviee because they are made up of kev records vather
van cwiele data records. Only one sct of data records need be mastered onto a €°D-
RO dise, wath aceess to the single copy of the data records being made available i a
drlerens order depending on which index is utihzed. This requires much less space than

protne the data records on the dise in different places {or different sort scquences.

Fhe datarecords on a CD-ROM have the sequence shown by their offsets and

von e vt that order in the data file. THowever, the indexes to the data recouds
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Data Record:

Otfset Svmbol Name Exc. SIC  Price Eurmings Div.  Date Comment
SE07 EBR S EBanis 0 6776 34 522 1.60 3186 Remonal banking E

Key Record: l v
Offset Key

88007 .60

<oy Reesrd Manager, po 7.

[Figure 5.2 Key Record Generation,

have the order of their xevs which have previously been sorted. Therefore, creating

Ve p

i toses for the key flelds makes it scem as if the data records are arranged in a scries of
Corent erders, one for cach index used to access them, In our example, the data mdex
o iex 0y isused to access the records in their original order. Figure 5.4 shows the

wer of the records when indexed by Name (Index 2) and when indexed by Price

Covooptually, the search for a matching key is accomplished by begmnimue at one
s e seguence and searching the keys sequentially towards the other cid vl
Coeotlls or close maden is found. For ascending scarches, the first key cyual o or
seenter than the desired kev will be retrieved. For descending scarches, the first hey
Cunlto o less than the desired key will be retrieved. Thus one could search the N

Lo e T and retricve “Tobaceo” if the search is ascending, or retrieve Tlavico” i

G owenveh s deecending, Inoreality it is not a sequential scarch but i actinthoa

ey

Lot teoe traversel or hash table look-up. Care should always be takom to e

rarnctures so that the number of comparisons and accesses can be mnimzed.
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-2, : 10322 15 10443 1.21 73419
ol | 1044317 73419 121 21677 45
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The records in the example. when accessed

mv Name dndex 20 would appear to ve orgered as foljows:

Ot

Syvimbed

Nanwe

[SANY

SIC

Price

burnings

Div

Datc

Commwent

()
H1STY
RERSLC]
4R
N80T
] [OX3Y
20041
SHAETY

26

A

RS

ABC
EST
DST
DDt
EBR
FIN

CAR
DRI

AB
BAC

ArBusCo
Clocks
DenStana
Dicers
EBanks
Finbank
Meut.Inu
Reuldest
Lanico

fobucuo

[ER N
4T
SusT
3770
6776
6776
012
) 3

A

P

— .
(%)

A

t2

o~
R

— - -
ty
13

1.60
72

13186
1°)7%6

KRB 1210
1/15/86
31786

1 1S/kG

Corp. turming i~
Deupiie ns name
Designer jeans.
This tast-growin
Regronal banking
Suspending the di
Meat products tor
Poor imvestunent-
Thas o compan

Chewing tobuce s

i accessed by

Price (Indev 3

1. the apparent order of the data records would be:

Ottset Symbol Name Exc. SIC  Price Euarnings  Div Dute  Comment
$667% DRI Ruadest NoOOAMY (3.3 Poor investments
29941 CAR Meat.dne 0O 0128 8 45 .72 S 1’86 Meatproducts tor
| 108sY FIN Finbane. (O 6776 13 1.6 1.00  1'15'86  Suspending the di
10322 BAC Tobacwe A Ulds 18 .70 Chewing tobacco
443 DDE Dhcers 0 5770017 1.21 This fast-growin
N ABC AeBusC - N 0112 22 31500 1.60 3386 Corp. tarmung s
101571 EST Clocks NS4 22 20072 86 Desprte ity name
T30 DST reaStan. 0 557 34 1.21 Designer jeans. o
sx007 EBR Elsarin- O 6776 34 S22 beth VX6 Regonal bankimg
20677 CAR Taxie NOA8TT R 6.57 43 1S 860 Thos s compan
Sourca: Key Recerd Manager, pp. 9-10.

Figure 5.4 Scarching On Specificd Indexes.
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Z:::: . XIEY RECORDS FOR SPECIAL PURPOSES
i::';: t. Partial Keving of Data Records
'::": [ndex performance 1s generally better when smailer key records are involved.
(, ) This s especially true tor balanced trees where Key records may result in additicnal tree
y Ef,‘ levels and therefore cause additional disc accesses. Index size can be greatly reduced in
“; some cases if some data records are not keved on every index. Since the Symbol index
::’: noour example database is in the same order as the data records it becomes possible to
"-) xev only the first record in each CD-ROM sector. Then a partial match search in the
‘.‘:;Eﬁ: much smailer resulting index could be followed with an exact match search in the data
.\_.3 records themselves. Index size can also be reduced by not indexing rccords on kev
o fields that are blank.

2. 'L Revords With Extra Information

Rev recoras may conwuin additional information besides the kev and oifsct
neids. Fioure 3.3 displavs such a record. A length field may be included for variable-
length records. However, 1t is not essential because the length of the data record could
be determined by finding the offset of the next data record and subtracting, but this

would require an extra access to the data index (Index 0).

’ Data Record:
Otiset Symbol Name Exc SIC  Price Euarnings D Date  Comment

oy :

‘AN THMIY DST  DenSund O 5057 34 2l Designer jeans., i
\ ‘-::‘- |

- j

-.r'\ :

) ; v

"

S !
~ j Res Record:

o N Record tength Key Number Key
.:-:-: toptional) thashing only)

. i -

- RN 115KK 6 DST |
S l
N :
P ‘
> Source: Key Record Manager, p. 12 i
D '

ot
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A
A Figure 5.5 Keys with Additional Data.

NN
(R,

N
o 32
Ny
N
R
DA
®:

L ‘:

1'::..:

-':" > . et Ty AT T SO NN
Ws . . s VN b



-
d
d
4
v
o
o]
ol
o
o]

L e Bac S

U
o
Le-
N
L LOhashytabies are used, & Xey number 1s required because the record eniries i
S -
iy &ohushotwabic are not oarranged by the order cof their kevs. Hash wole Kews are
iﬁ- ) distributed randomly across indexX pages and are only sorted within a page. The kevs in
N 4 balanced-tree are arranged in a fullv serted pattern and therefore do not need a key
" s A A
{V‘ .
=t number.
Y One option which can aflect application performance and disc overhead is that
h‘\.
A

acy records can also contain extra or optional data for use only by the application

J

2N program. Once a Kev record is located within an index, the optional data can be read
“'F., immediate!ly from the key record and thus save an access to the data file. Appending
:5;:' extra data to xevs makes retrieval of that data very quick, once the kev is located. This
- s obtained at the expense of a larger index which would require a longer scek.
o [lowever, a second seek o locate the additional data is no longer necessary.
.:: Overlapping Xevs

':::Zj: Anotiter arca i1 which Kev record design can atfect application performance is
e the overlapping of keyv ficlds by other kev fields. For example, it might be desirable to
oo allow a date field (Year-Month-Dav) to be searchable by various overlapping kevs as
;, scen in Figure 5.6. This overlapped set of kevs could be used to search on Year-
Month-Day (Keyv 1), Month-Day (Key 2), and Day (Keyv 3) information. By searching
e for partial matches Kev | could also be uscd to search on Year-Month or Year, and
‘,»} Key 2 could be used to scarch on Month. The same searches could be performed with
;" separate Year, Month, and Day fields, but this would mean scarching in three separate

1l

indexes for a Year-Month-Day specification, with much worse than triple the access
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V1. CD-ROM INDEXING STRATEGIES

A.  BALANCED-TREE INDEXES
1. Tree Construction

The general form of a tree structure on a CD-ROM is simular te that ot a
broad. shallow balanced-tree. Since CD ROMs are not concerned with insertions and
Jeletons the blocks of the tree can be packed completely full. This resuits m the tree
using less space and in each block having a larger number of children. Moreover, a
broader, shallower tree is produced.

[7 balancsd-rrees are built by insertng records randemiv and if precedures
for handling the zrowth of dvnamic trees are used, the diocks of the wee wiil
oe berween 30 and 100 percent full with an average utilization of between 67 and 83
percent (Zoellick, 1986, p. 184). That is, trees will contain blocks that are not
completely full. A special tree-loading procedure that does not use the normal block-
splitting method involved in balanced-tree insertion is needed.

The first step in developing an appropriate tree-loading procedure 1s to sort all
the records by their Kevs as discussed in Chapter live. The sorted records are then
written one at a ume into the leftmost block at the lowest level of the tree. When that
biock 1s full 1t 1s written out to disc. The next record goes into a parent block. Then the

ext block at leaf level 1s filled. When this second leaf block is full, 1t 1s written out to
disc and another single record is placed in the parent block. This process continues
until ail the records have been loaded. Figure 6.1 shows that all the records are
arranged in the blocks in a numbered sequence.

The primary advantage of this loading procedure is that it capitalizes on the
read-oniv nature of the CD-ROM by building a shallow tree and avoiding secks. There
is also an important second advantage. If cach block 1s written out as soon as 1t is full,
hen parent blocks will be stored in close proxinmuty to their children. making use of the
CD-RONM's better pertformunce on short, focal seeks. T'urthermore, the proximuty ol
crents and ohldren wall never be threatened sinee the balanced-trees used for CD-
RON are not dynumic.

There are other possibilities tor decreasing seeks if something 1s known about

the distnbution of requests for the records stored in the tree. Sav, for example, that it
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Figure 6.1 Properly Loaded Balanced-Trees.

is xnown that 83 percent of the requests are for 10 percent of the records. The number
of sceks can be greatly reduced if the tree-loading procedure can be designed to place
the most frequently used records as ncar the root as possible.
2. Tree Optimization Formulas
The following formulas were used by Reference Technology in designing the
TLOCD database:

o L >=log(N + 1)/ log(P + 1) L isthe # of tree levels

o P>=yYN+1-1 P is # of keyv records in an index page
o N <= (P~ )1 N is £ of key records in the index

]

‘hose formulas relate number of kev records, number of tree levels, and page size and
are used to optimize balanced-tree performance for CD-ROM databases. Table 4

citplavs examples of how the formulas can be used.
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TABLE 4
OPTIMIZING BALANCED-TREE PERFORMANCE

Givenine number of records. page size. and key record size. the mimimum numoer ot
tree fevets can ne calculated:

Numper of key records = 100.000.0(0)
Puge s1ze = 2096 bvtes
Kev record size = B byvtes

N~ 1= 100000001
P~ =409 8) + 1 =503
L 2 log(N+ Drlog(P+1)=2095

Since there mustbe anintegral number of levels. 3 levels are required

Criventhe numper ot tree feveds. number ot records. and record size. the minimum page
sicc can e caleutated

Number of tree levels = 2
Number of key records = 2,000,000
Kev record size = 32 bytes

N o~ ] o= 2000001
l/L=1/2=235
P2 (N~ DY = 141321

Since there must be an integral numbcr of records on a page. the page size must
be large enough for 414 records. [t the page size s divisible by 2048 bytes (the
CD-ROM sector size) a 47.104-byie page size is needed.

Given the number of leveis, page size. and key record size, the maxamum number of
records can nedeternined

Numbper ot tree fevels = 2
Page size = <090 by e
Ry record size = X bvies

5

| = (306 Ky + | = 513
P~ Y-l = 263.16K

/S T
i

At

Atmaost 263068 records can be ptaced in this tree.

Source: Key Record Manager, pp. 21-22.
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2. HASHED INDEXES

1. Gvertlow Avoidance

l— - -
< <@
SRR

52X

Huashing tits the strengths and weiknesses of the CD-ROM pertectly for

anplications that do aot need to access records in order by Kev. [t consists of using a

CS

." Juncion to ransiorm cach record’s Kev into a bucket address within the file. In order
:‘_‘-:'-', 1o tind a particular record. the function s applied to that record’s key., and then
o recreves the bucket at the resulting address. Hashing works well and permits single-
“ seek retrievais as long as long as therc is room for each record in its associated bucket.
:":5_ The following variables can be manipuluted to guarantee rhat overflow does not

E—;
3
3

el

4
.
o

4

.
L

packing density of the hashed storage

* thesize of the bucket

| ‘.\I'_.
- 3 thodesign ot the aash functon
E: Packing Jensity and bucket size are Jdiscussed further in the next chapter.
,.‘_:; 2. Hashing Functions

- Since CD-ROM is a read only medium, there exists a complete list of the kevs
=
':'_:Z:j to be hashed betfore the file is built. The kevs can be analyzed to discover functions
-:_lf-:_i that would distribute them more uniformly than a random function would. A perfectly
o uniform distribution would place an cqual number of records in each bucket and
(, guarantee no overtlow even at a packing density of 100 percent. Although developing
.-: such a function can be very time-consuming, an economical wayv of improving on
\ "'E purely random distributions can often be found.

(> The CD-ROM’s read-only nature makes it possible to optimize a hash
2 funcuon. [tis also practical because large computers operating in a batch mode can be
j;: used to arcate the data set that will be used interactively by small computers.

P oL
-;E: C. INVERTED INDEXES

F o Inverted fiies are ideally suited for full-text ficlds because when used with
».—‘ srructured lields containing repeating kev values they save index space. A\ copy of cach
" movvanue s stored inoan index along with a pointer to a list of all records associated
; :‘:'. Lo onevs The Comments field in applicable databases is normally a fuii-text ficld
."N el e enndidase for an mverted indexe T each word s used as a Levon a Kev
r?‘-: coor i same words wilb ocear over and over again and create a very large index.
{ Anoanserzed e stores cach word only once to represent all of 1ts occurrences and
',:’::, rovaits oo much smalier index. Pigure 6.2 represents an inverted index for words
('_

woth AT and B from a fictitious database.
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Figure 6.2 Inverted Indexing.

Such sephisicated indexing schemes can sometimes require as much er more

thie G el The Grolicr Electronic Encyclopedia requires 00 megabries to
ceconunedate the text and 30 megabyvies to accommodate the indexing. (Dixon, 1987,
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Baldnesd wee seurdhies are best for applications where partial-maich scarches are

N T v e

croauent Tais s tecause the index can be ordered by the xev value. They also perform
i exact-match applications when it is desirable to nunimize the index size.
Balanced-trees used in CD-ROM applications waste no space and can tvpically acquire
~in the index with onlv two or three accesses.

Hasir tables perform best when the quick access of exact matches is the main
consideration. Normally, hash tables can be constructed so that only one disc access is
sutficient. [lowever, hash-table indexes are not as compact as balanced-trees and will
tvrically be 20 1o index.

30 percent larger than a balanced-tree

comparable
['urthermore, hash tables perform partal-match searches poorly because it is nearlv the
same as searching a sequential file. (Colvin, 1987, p. 1135)

Beolean and relutional oreratiens on CD-ROM discs are best supported by

avertad cuess Zither hash tables or bulanced rees can be used to create the jiles. Since
dddaa record aumbers containing a particular Kev value are listed together in an

i fire, 1t must be loaded into a rather large memory bufler to minimize accesses
to the CD-ROM.

The index structure used in the development of TLOCD was a combination of a
balanced-tree and a hash table. In this way the time required to perform both partial

and exact-match searches could be minimized.
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V1. CD-ROM FILE MANAGEMENT

A.  GENERAL DIRECTORY STRUCTURE

The [ligh Sierra Standard entails a hierarchical structure of  descending
subdirectories branching down from the parent directory. This directory structure is
. calted a “Standard File Structure.” and there must be only one per CD-ROM disc. A
I ~eth table operates as an index to cach subdirectory and provides a pointer to the
. icgical bleck number where the subdirectory is located. A path table obviates the need
to sort each level of the directory hierarchy in the search through the directory
crocturs Under certn crreumstances, the path table can be contained i RANL
Sroviding  one-veek access to the subdirectory of interest. This occurs when e
iirectory names are short enough and the number of subdirectories small enougli so
that the path table can reside in one physical logical sector. (Approximately 128
N subdirectory names of eight characters each will cause the path table size to be about
N 2048 bytes or one logical sector.) Thus, given an eight-level tree, holding a path table
E :n RAM saves seven secks. (Standard, 1986, p. 2.4)

B. DIRECTORY STRUCTURE DESIGN
J : 1. Multiple-File Explicit Hierarchies
a This tvpe of directory structure is used by UNIX, MS-DOS. VMS, and other
magaetic disk svstems. Early versions of Digital Equipment’'s UNIFILE system are an
X example of a CD-ROM file svstem that used this kind of directory structure. This
}j purticular structure as shown in figure 7.1 allows subdirectories to be treated as files. It
:: iy an excellent svstem for magnetic disks because it provides the flexibility required in
"*::‘ crder 1o add new subdirectories and delete old ones. However CD-ROMs do not
require such flexibility, Furthermore, we cannot alford the time to seek from
capdirectory tile to subdirectory file in order to find a file with a long path name such
johnsen programs source acctg ledger poste

The strong {eatures of this type of directory structure are familiarity and the
Lot e 1t handies generie searches reasonably well. Morceover, by taking advantage of
ue CD-ROMNMs read-only nature, the files in cach subdirectory cun be sorted and

doprove ceneric searching even more.
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:'_':::: The mamn disadvantage is that we must scarch through an enure level of the

! :: worectory siructure white tooking for a fides T all dhie files are in the root then o search

(' ' for a single file would invelve the whole directory. Even if the files are sorted within
-~ cach directory level, a binary scarch of a large single-level directory containing 10,000

A

dles would require a Jozen or more sceks back and forth across the sectors that make

A

Ty vl The e .
up e dircctery.
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2. Single-TFile Explicit Hierarchies

U

e This approach to directory hicrarchies involves placing the entire directery
Ly . - . . .
s structure in a single file. The root directory and all subdirectorics are treated as
AN
t.;-: records within a file rather than separate files. Figure 7.2 represents this type of
- structure, which was used in the first version of LascrDos, a tree-oriented svstem
> destzned ov TMS, Ines for epiicad dises. The left pointers [rom the suvditecinrs recoris
* . v - 4 . e . . . ..
A ! ~aint to cioments i the subdirectory. Right pointers alwavs point o e
::x:, . . ,
Y subdireciaries at the same level.
W)
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[he important beneit reafized trom compressing the directory hierarchy into a
O sngee il rathier than spreading 1t out by using a ditferent file lor cach subdirectory, is
" - that we can often cut down on the number of sceks required to open a file. A\
o somewhat small directory containing no more than two hundred files can be contained
g ) g
'
LU . . . . - . - .
.-:. i just o or three sectors which could easily {it in RAM. This holds true even if there
a

- N . . . . N . . - . N
N are nuny levels of subdirectories. Therefore, the single-file explicit hierarchy can often

\ . - . . . . . ”~
"j umprove on the performance of multple-{ile explicit hierarchies when opening files that
-,.~. have path names containing several subdirectory levels.

.

g 3. Hashed Directories

e ]

s Any file can be opened in one seek if we hash the entire path and file name to
7,

- an address within the directorv. This will work even if there are tens of thousands of
thes on the dise. A hash function would transtorny the character siring representing e
SN ~acn and e name into the address of a nash bucket. A seek to the directory bucket
- would zain access to the information needed to open a tile.

S

9 . . .

.'—re [f' the hash buckets can be prevented from overflowing, then it can be

guaranteed that the hashing procedure would require no more than a single seek. [f

AL

A

YT

overtlow occurred. one or more sceks would be required in order to locate the

. information that had to be stored elsewhere. The read-only nature of the CD-ROM
“‘ - makes it possible to manipulate the packing density of the directory file. Overflow can
A0 be avoided by placing a small number of records into a large [ile. The more tightly a
'.j-:‘ file 1s packed, the more likelv it is that at least one bucket will overflow. The bucket
e size also aflects overflow. No overflow could be guaranteed if the entire file was
' censidered to be a single bucket. Unfortunately, the entire file would have to be read

R into and processed in RAM.

l's . .

S <. Indexed Directories

o .

oy The Keyv to the success of this approach is a structure called a path table. The
. puth table provides a compact mechanism for quick translation of the full path {or a
‘ ?" subdirectory into an integer called the path identifier. The path identifier is actually the
. . . . . . . N . .

L relative position of euch [ile obtained from a level order traversal of the directory
M ierrdhys By examining Figure 7.3 the path identiliers {or the following path names
) <

® ' Ccan e determined
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e path table’s ability to compress an entire directory path into a two-byte integer
guarantess that directory records can be kept relatively short and that manyv dircctory

1

reeerds can be putiato cach block of the directory structure.

! STRLIB MATHLIB TEXT
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Source: CD-RONM The New Papyrus, p. 119,

Figure 7.3  Index Path File Structure.

Alter performing an average scek of about .5 seconds, a minimum of one two-
nvte sector is read in from the dise. For an additional cost of six milliscconds anotier
O bytes can be read in, making a total of SK bytes in all. If the size of the directory
recerds can be heid to 32 bytes cach, then each seck out to the CD ROM can bring in

as niany as 256 records for an 8K block.

The fle records are placed into the blocks of a (ile table which contain the

cewrmatien eeded to open any e inthe file svstem. They are arranged according 1o
st waenudicr which was extracted from the path table. s a result, alt the files in
Gz seddirectory are grouped together (e, they have the same path identilier) and

man ordered by e, Thils structure supports cilicient generic and binary scarching.
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[t is shown in Tigure 7.4 that the request starts at the path table and converts the

name into a path idenufier of 4. The index table is then searched for

Since thie value of

contents in

the [ile table.

Now suppose the |

¢ need to fit

names that are at the block boundaries.

file t

cstrlib source ‘strchop.c

1 the

red path identifier and fiic ninie.

Figurce

obeco

Ao o
bhlock in the

7.4 displavs

pened is

[N
e

The
scarciy is the seck to the block’s beginning, so it is desired to {ind

the tirst attempt. To ensure this occurs, an index table is used to tell

4n

path
“Istrchop.c
“4strchop.c” is less than the first entry (alphabetically). it foilows the

first peinter from the index table to find the [(irst block in the file table where it {inds
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rathier than jorang a dise seek every ume we needed them. In o this way the indesed

Jirectory aliows the opening ol any liie with oniy one seek to the CD-ROM.

C. BLOCKS AND BUFFERS
[. Determining Block Size
A general rule applyving to anv file structure design is to make each disk scek
as profitable as pessible. This s the reason why paged structures such as balanced-trees
are commonly utilized. Each access to the disc retrieves enough data to make decisions
about the next tree level instead of making a simple two-wav choice in a binaryv tree.
The disc is never accessed o retrieve only onc record but to retrieve a block of records
that can be read and processed much faster in RAM. Even though CD-ROM sceks

stowly, 1t can acqguire a lurge block of data at an acceptable rate. Therefore, the choice

block size. Consider the eilect of page size on the depth of the trees previously shown

in Fioure 6.1 A page that holds N records can have N+ 1 children. The first tree in
Figure 6.1 has a height of two levels and holds eight records. This height is ideal
because storing the tree’s root page in RAM ensures a one-seek retrieval of any record
in the tree. Records can be added to the tree by adding morce levels. [lowever, this will
increase the average number of seceks required for searching. A better plan calls for
increasing the block wize to accommodate more records. The second tree in Figure 6.1
shows the result of dJoubling the block size.

Since the CD-ROM 1is read-only, it is known exactly how many records are
coing to be put into the trce before it is built. For example. storing 50,000 32-bvte
records and using a block size of 2K will result in a three-level tree. A two-level tree
can be built if a block sizeol SK is used. It takes longer to read a larger block. but
wnee CD-ROMs can read data at 130K byvtes per second. reading an additional 0K
vies takes only 20 miiliseconds. This is a small price to payv in return for avoeiding an
additonal 300 mullisccond seek.  Minimizing the number of seeks is the logical
consideration for using lurge block sizes. However, the CD-ROM's physical features
<monid also he considered in deternuning what bleck sive to use.

since the sector <z for a CD-ROM is 2K bytes, the smallest block sive that
stculd ever ve conaderad i also 2K butes. This i due to the fuct that even if oniv one
srre i needed, 2K bvtes will be retrieved. An ellective operating svstem will transier

irectdy into an upplication progrum’s work area with no intermediate data
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went So what happens ia program requests only 04 bytes, or some other scctor
wat!, In this case the operating svstemr cannot assume that the application
a~rogram has aliotted enough space to hold an entire 2048-byte sector. A svstem buller
must be used to hold the complete sector until the 64 bytes desired can be transterred
to the application’s work area. Data must be handled or moved twice when anvthing
wess than a complete sector 1s requested. Theretore, in order to avoid unnecessary data

movement. a block size that 1s a multiple of the 2K-byte sector size should be used.

2. Buffer Usage

Reading Jata in multiples of the sector size results in by-passing the svstem
butfers. This blocks the operating svstem from keeping recently used data in RAM.
For example, when a 2536-bvte record is read, the operating svstem uses one of its
wostem ourlers to hold the secor containing the record. Now another 236-byvte record
woread in from a ditferent sector. This new sector is placed in a ditferent butfer. The
srogram now calls for a third record which happens to be in the sector which was
placed in the first butler. Therefore, no seek is required for the third record because its
sector 1s already buffered in RAM.

Now suppose instead of reading fragmented records, 2K bytes are read to
avold moving data twice. In this case, system bullers arc not used because the data
coes directly to the application work area. Consequently, a section would be read on
tep of the first one. In order to benefit from buffering in CD-ROM technology. the
dectsion of how many buflers to provide and how to manage them depends on the
nature of the application. If the application searches through tree-structured indexes or
works in both directions through a sequence, it can bencfit from a large number of
butfers. It the application moves sequentially through the data in one direction it will
not benefit from buftering at all.

Reference Technology utilizes a general purpose buflering scheme known as
Least Recently Used (LRU) replacement. Information in the buflers is retained for user
access until buffered data are replaced, according to the least recently accessed
protocol. Best performance occurs when the page size is the same as the buffer size and

when the number of buffers sclected is sullicient to retain the most [requently accessed

9. PaURS I Memory.
e Because applications differ, it is impos«ible to ensure that the most frequently
N accessed pages will always remain in the butlers. A procedure is needed that will sclect
‘_::.; the mimimum number of huffers for maximum performance. Such a procedure would
9.
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reguire that there be ut least one mere butler thun the number of ievels in the tree.

Aso, there showd be ar least two bullers for cach hush table. The extra builer per
index will hold the data record, while the other holds the index pages. Thus, if two tree
indexes with two levels each and two hash indexes were frequently accessed, all with
—ve-byre index pages, then 23 £ 22 = 12 bullers of 4096 bytes cach would be the

minimum contiguration for best performance. (Kev, 1980, p. 23]

D. AMULTI-VOLUME DISCS

Adding Additional Discs

A CD-ROM disc is described, according to the IHigh Sierra standard, as a
volume (Standard, 1986, p. 2.5). The standard allows for multi-volume sects of discs,
which are of two basic kinds. The first is the tvpe of multi-volume set designed to hold
fe massive Jatabase that exceeds the capacity of u single disc. The path able and
directory structure on each voiume of this Kind is required to be the same. [n this wav,
the location ot anv file in the set can be found by reading the directory from any one
ot the discs. Clearly, it may become necessary to mount a different CD-ROM disc from
the set in order to read that file. However, the presence of identical path tables and
directories avoids the need to mount disc after disc to find the file of interest.

The second type of multi-volume set of CD-ROMs is necessitated by the need
to update files or add new volumes to an existing volume set. If this is the case, the
most recent volume’'s path and directory information must supercede that of all
previous volumes. Moreover, the the last volume in the set must be mounted when the
svstem is booted in order to supply the svstem with the freshest information. By
deleting references to a file, or including references to a file in the directory structure of
the latest disc in the updating volume set, existing files can be “deleted.” "modified.” or
“replaced.” They actually still exist on the earlier discs but since the latest directory no
lonzer points to them. thev are no longer available to the svstem. Although phvsically
present for the life of the CD-ROM, they are logically lost or altercd under the present
configuration when the new volume is mounted. [lowever, they can be restored if an
cariier voiume in the set is mounted at svstem start-up.

2. Extended Attribute Records

CD-ROM file management that is supported within operating svstems such as
PC-DOS, sees opucal dise data as simply a stream ol bytes. For other operuting
cnvironments, extended attribute records (NARs) can provide additional information

about the fife and its structure. An NAR s an optional attuchment to the beginning of
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. 4ty contwming oxtra ntormation about that e Lxamples of such wdditional Jdata
- include crewtion and  expiration  ddates. aceess control. record  structure, recerd
.

atiributes, and application-speciiic informaton.

s One particular use of NARs is to control which version of a file is to be used
::} when there 1s a multi-volume set of discs containing several versions of a file. This
warks because the NAR affixed to the last extent of a given file supercedes the NARs
.‘ atfixed to ail the other previous extents of that file. If there is no XAR with the last file
., extent, the NARs with preceding extents are ignored. Thus, by altering the XAR for
:'j the ninal extent of a file, the incidental information about a tile is effectively updated
;::E when a new CD-ROM is issued.

"

Another use of XARs is to restrict who may read certain files on u« disc. The
Jois sinular to the VMS Usvstem. owner, group, world” permission lzin. [t
snowld e neted that access restricunn oniy works under those operating svstems that
scognize 1t IF someone carries a disc with restricted [iles to a computer whose
operating svstem, like MS-DOS, does not recognize access protection, the svstem will
read the disc, regardless of the setting of the XAR. Consequently, designing access
restriction into a disc must be coupled with a plan to restrict the physical distribution
of the discs. {Standard, 1986, p. 2.3)
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VIIL. CD-ROM APPLICATION SOFTWARE CONSIDERATIONS

A.  FILE SYSTEM SUPPORT
. Origination Software

Betore making a CD-ROM. the files that will appear on the disc must be
assembled according to the rules of the logical format. Origination software does this
work, providing the writing component of the file svstem.

At the present time. most origination software runs on minicomputers In
batch mode. Figure 8.1 shows the relationship of the four principal components of
TMS's LuaserDOS orngination svstem. The user begins vith a Specifv program that
arevides an nteractive shell-like mechanism for creating the directory hierarchy that is
to be used on the CD-ROM. During this step the user can indicate which files are to
go in which subdirectories. The specification is used as input to a Load process that
reads user files from tape and magnetic disk to create a disc image, complete with a
volume table of contents and directory structure in the logical format that wili be used
on the CD-ROM. After loading. the user can run a Verify program that automatically
checks the internal consistency and integrity of the disc image. The user can also run a
Shell program that exercises the image of the CD-ROM file svstem interactively,
allowing the user to dump out the contents of individual files, copy files to the host
operating system, and so on.

2. Destination Software

Destination software is the rcading component of the file svstem. It
understands the logical format and uses it to provide access to the CD-ROM! tiles. One
wav to approach the design of destination software is to create a {ile manager program
containing special function calls that are exclusivelv for use with the CD-ROMN and
which bear no relationship to the svstem calls provided by the host operating svstem
iZocilick, 1956, p. 125). The advantage of this approach is that the file manager and
application programs that use it are not affected by changes in the operating svstem,

thus aliowing a hicher degree of portability. The main disudvantage is that applications

cannot access the CD-ROM through standard svstem calls which in turn prevents
aceess via high-fevel language 1T O facilities. This makes the CD-ROM less user {riendly

since fumiliar language tools and syvstem utlities are unavailable.
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Anethor desizn approach mvelves soitware suchoas TMS'S LaserDOS and

Rererence Technoiogy « Standard Tie Manager, which are impiemiented for use with

PADARRERE LN Y "‘LL -

NS-DOS cZoeilick, 1886, p. 1200 The approach’'s mntent 1s to cooperate with the host
: [

- svstem as much as possible. For example. LaserDOS traps all system calls and
" Jeternunes f the call is CD-ROM related. I it 1s CD-ROM related it will hundle the
_".l cadl stselfl IF iois not it simpiv passes the call on to MS-DOS for completion. The
'- cailing sottware is not smart enough to know the difference. Reference Technology s
W0 Standard File Manager works similarly in the TLOCD system. The CD-ROM appears
h
: as fust anocher Jdisk drive to the TLOCD user.
"
B B. COMPILER LIMITATIONS
Somie compilers used in writing applications that address the file svstem can in

E Shennelves Hmit tie stae ol ddies. Tor c_\umplc. MS-PASCAL ¢UNMF (versions 3L0K.
b 320 inuty e size of ey 1o eight megabytes. CSO CTND™ (version 1.2 hus the same
: inun Lattice C TN (versicn 21X on the other hand is not iimited in this wav.
q Reierence Technology's Standard File Manager limits itself to {iie sizes of two Gbytes
_j, but the compiler must be capable of producing code that can access a file of this size.
’-_-j PC-DOS has the same two-Gbyte file size limitation as the Standard File Muanager if
:-:T files are accessed through the Standard TFile Manager “file handling” functions.

-~

(Standard, 1986, p. 2.12)

’ Another potential limitation {rom compilers is that some restrict the number of
E fiics that can be open at one tume. For instance, Lattice C (TM) (version 2.1X) has a
" limit of 20, including the standard input, output, and error [iles. as well as any hard
. disk or diskette files. The Standard File Manager for CD-RONMI svstems allows up to
200 files to be open simultancously.

- C.  PC-DOS ADAPTATION

s One of the more (rustrating things abeut using CD-RON with IBM PCs is the

limitation pl;xccd on the <ize of a logicul dise volume by the PC-1DOS operating system.

RIS Y Y L LI P S LA

.2
to
o3

[t i¢ enlv 32 megabyies--a mere thimble full compared to the 340 megabytes tvpically
coeehve onoasingle CD-RONL Fortunatelvy, there are several wavs to sidestep this
cromenon, One relatively casy way is o surrender to PC-DOS and break the disc into
Vlemoonire parttions,

[Tewever, the most powerful method to get around the size Iimitation mvolves

new mterrupt handler, Tt may also be necessary for the file-management svstem as well
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ﬁ-’. Sy Tae dreciory dorenaing onoow the parncular svstem gy oset up. By trapping e

~ Srerating svstemloanterrupt, the mterrupt handler can intercept cals miended for the
~
= CD-ROM whiie other cuils are simpiyv passed through. Once intercepted, the CD-ROM

cails can be treated diflerently, sull maintaining svstem transparency to the uscr.

NS

The difliculty arises when the interrupt handier must also support every disc cali

DR
3

.y

i exactly the saume way as PC-DOS supports them. Those calls include functions that

v

| G

open :dies, read (rom tiles, cheek for remaining Jdisc space, and so forth. Supporting il

-~

of those functions necessitates a tremendous amount of code generation.
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IN. ANALYSIS AND DISCUSSION

A, SHIPBOARD USE OF CD-ROM
. Departmental Applications

There are many appiications tfor CD-ROM systems on board U.S. Navy

possible probiem solutions are addressed.
The Navigation department should store its hundreds of charts on CD-ROM

]
i

cnd himinare a maje.ty of its bulky chart cabinets. The sveem weuld store the charts

moascending order accerding to chart number and would also provide a cross-reference
index for user assistance. The svstem would prompt the user to enter the number of the
chart he wishes to see and then displayv that chart on the monitor. [fowever. there
must be a svstemn on board for reproducing these charts into a paper medium so that
corrections, courses, fixes, and coordinates can still be plotted. The technology needed
to reproduce NOAA charts in various scales is now available from LaserPlot.
Inc.iBelanger, 1987, p. 13

The Operations department should use CD-ROM to hold its clussilied
publications. Security will be better because there will be fewer classified materials to
be monitored. Confidential matenial would be kept on one CD-ROM. Secret materiul
on another, and Top Sccret material on sull another. IHowever. in environments such
as MS-DOS. security becomes breeched when a person with the “need to know” about
a certain topic bas access to all other classified information that resides on the dise he
happens to be reading. In thut case, software would have to be developed in which the
SEn’s ONMS custodiun would control u "read denad” Tock tor each classified file. The
orerating svetem would not relinguish control to the CD-ROM file manager without
Sneching the Jock status, The lock could only be set or reset according to & program
Be OMS custedin, No o file could be opened and read witheut the
newicdee and approval An individual would sign for the CD-ROMN and
e O caetndin o uld relonse the Tocks on these files thut the user 1s qualified to
e Dpon the return of the casatied dise the lock would be reset. Anotler

caracuiaris heipiul CDRD-RON appiication in the Operations arca mvolves “signal

F
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N Braaiang o Toiotiadl wammunicationg, Such an apphication should be swritten to scardi
AN . . . I . .
IS sough tactical publications such as NWPs and AWDPs and break coded signws,
i " sheredy ensurning tumeliness and accuracy in osituations that can be und often are
(
SIS critical, The ractcal officer would Kev in the coded signal phrase and the svstem would
:.:::. searchl ity Jatabase tor that parteular sequence of words. The results would be
o Jisplaved on monttors located on the ~hup's bridge and in CIC.
'\':*.': . . . . . . .
- he Dngieering department maintains a vast number of operating manuals,
e technical manuals, repair manuals, and schematics. The transter of these from paper to
o CD-RON would certaunly reduce weight and increase available departmental <pace.
nt- _y ' A - -
e e engineers would also have access to many more manuals, blueprints, and technical
N'--.. . . . . . .
TR publications not normally carried on board. But how is a repuirman gowmng to get &
Ay seralr manuai o the seens ~Urepadr! Must e 2o to a CD-ROM reader and print out
e : : 3
S e arraeaste pages) The aaswer s o guadilied ves. A\ repairmun will usuallv have to go
i to a4 centralived location te check out a manual. Dise readers and printers should be
". ..' . . . . . . . . . .
1 placed i these strategic lecations in order to minimize the inconvenience. In certain
o , _ . .
L circumsiances, with the use of some advanced technology, a print-out may not be

necessary.

.

..
NN

The Supply department should use CD-ROM to store its wide variety of

AR
T .
v

o o

v

h cataiogs, parts lists, and various other publications. Cookbooks and recipes would no
.-\.:. longer be lost or misplaced. All of these potential uses would be complemented by the

i CD-ROM s abihity to store visual images. The supply clerks can see exactly what they
f__: are ordering and thereby reduce errors that often result from making assumptions or
bron >

cuessing about item uncertainties. Morcover, CD-ROMs already contain the Navy

@)

P Management Data List (NMDL) and Parts 1 and II of the Master Repair [tems
Cails
-;:_-: Listing {MRIL) which 1s distributed by the Navy Publications and Printing Service.
j‘{: NAVSUP ulso sponsored the TLOCD project done here at the Naval Postgraduate
o .

i School.

o The Administration department would no longer have to print and distribute
A

S copies of Navv-wide regulations and instructions throughout the ship. The drawback
..‘-:'_- . y N . Ly . y ..

L0 cre s o gaek o of shipboard portabilitv. Tor exampice, the person desirine the

. ! ) E

- . . . o . . .

’;.‘ lormdtion pust Beomn the immediaie vicinity ol a CD-ROM dise reader. Te cannot go
b , stateroom, relax, and thumbd through the newest instructon or regulation--
:_':-:' dosss b e, there happens to be a CD-RON dise reader in s stateroom. his
el

-l seendriois not unrealisue. Considering that the total cost of a disce reader, monitor,
N
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counn Beorlacad i ncurt al e spuees on board i Costs could be ol
T aonetvorking system owere implemented and public terminals made asaiiabic
1o the crew. Once pessibie networking scheme would involve a modem to modem
nuachine intertace using the ship's telephone lines. [lowever, this miethod nugiit
inzerrupt routine shipboard communications by tving up the phone lines. A\ better
<aidiion would involve the development of a local area nevwork (LAN) which weuld
alow as many users as there were svstem hook-ups. Each compartment would be
wired so that portable terminals could be supported. The structure would be relatively
simple for such a system and could be supported by a common nctwork topolugy <uch
as & ring. The decision to implement a LAN or to pursue a certain network topology
dcross g particualar class of ships should be made by NAVSEA bused upon {leet
snnagcrin rogquirenmendss deernuned by individual ship needs.
2. CD-ROMI Tmpact on the Paperiess Ship

Cvery efficer and petty officer aboard every Navy ship has at one time or
another become frustrated by the unending flow of required paperwork and the
nlethora of information in technical manuals and documents that must be available,

read, and studied. Cumulatively, their weight is in tons. VADM J. Metcall T states.

‘I find it mind-boggling. We do not shoot paper at the enemy. We do not train
satlors to be registrars and correctors of publications. I want those guvs worried
about fighting, not worrving about Keeping up the publications.”

The admiral has launched an initiative to create a “paperless” ship by 1990 as a first
step toward driving paper from the entire flect. The first ship would be a [rigate, he
<aid, that will probably be cquipped with different types of electronic information
svstems. ( Metealf, 1987, p. 35)

CD-ROM technology is onlv a picce of the puzzle when it comes to putting
rogeihier such @ system. One mwust consider the feasibility of muking CD-ROMN dise
readers accessible to ull departmental and divisional oflices as well as in CIC, DCC, the
Bridoe, engineering spaces, and staterooms. The mitial cost would be considerable but

cuid he eltset inoa short while by the reduction in muaiiing coxts of optical dises o
soposad to paper. See igure 901 Tor @ comparison between madling costs of CID-RON]

S T EE
GO Sue T e nedid.

Rovbourds, montors, printers, and dise readers must be Kept in a relatively

cool environment in order o reduce downtime and maintan operational readiness.
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EQUIVALENT
VIAILING COSTS
(in dollars)

Assumption: All items are shipped to a single
location in @ single container - except the paper
which is assumed to be shipped individually as
500 page books.

First Class Mail
(D.C. to San
Diego)

Book Rate

(Anywhere
inthe U.S.)
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=

PAPER

Picure 9.1
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Lind Theaiz, p. 25,

CD-RON Mailing Comparison.
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3:3 Muny sy are o aarrenthy capaile of producing such danenvironment wish uny
4
:’:: ConsNeney-eospen Uiy in unnd chmres such as the Persian Gultl Indian Oceun, or
o Caridrean Sca. e nower ship classes, howewver, should not experience as many
{ N nroblemis because of additional clectronics needs being addressed in the ships™ original
ﬁ}_ ©design. Turthermore, the loss o ship's power could prevent timely access to important
f\b datas o that case, it would be necessary that a paper copy of such data be stered on
o . courd. An alternauve sciution would be to require each mujor user to have his own
“ back-up power source such as an UPS (uninterruptible power supply) which runs oft
-.\ s own battery pack until a diesel or gas engine is started and begins to produce the
:{: power source. It 1s possible to have an UPS for the entire shipboard computer svstem
2 but it would require larger battery packs. The decision on how to emplov UPS is again
- sirictiy 2 managerial one based on individual ship characteristics and goals.
,,::E Another prohieny that surtaees nvolves appications such as personnel or
E"'ﬁ Jisburang ransactons that require constant change or update. Write Once Reuad
N Many (WORN) optical technology may be the solution n these cases. Other emerging
?: technology that mav be available in the near future includes erasable optical discs
:j?-_fj which function in much the same wayv as a standard floppy disk. The goal of a
paperless ship is certainly obtainable ift CD-ROM is used in conjunction with other
or.

cletronic media such as WORNML. However, in order (or this to happen. ships must

g mameain a cool operating environment, shipboard portability issues must be resolved.,
-:./' N y e . . . .
- and the use of additional electronic data storage methods to compensate for the (CID-
‘-Zj-:'. RONs weaknesses must be available and cost eflcctive.

B.  CD-ROM FOR SHORE FACILITIES

,

n" - .

- 1. Database Design

-7 The use of CD-ROM at U.S. Navy shore facilities must be tailored to fit the
:::—:' needs ef the particular command. ‘The storage and retrieval of massive amounts of

yo

® fostoricad Jatu s the primary consideration for implementing a CD-ROM svstem such
O L - o . . .
.ﬁx as the TLOCD svstem at NSC Oakland. Database design demands considerable
X :.:-1 ntention from fwilities wishing to elfectively capitalize on the read-only nature o CD-
5 . . . . .
.;: ROSE redhnolovys OF parteuiar concern s the formuat of the datebase. CD-RONI
2 9.

9. Gatoases ey coinist ef o number ol files--cach {ile conuisting of amilar reconds
3 Lore e e Iogieal formats Stnee o databuse from o CD-RON perspective is o
"L conection ol similar files concatenated together, a single optical dise may contain many
- oot databuses of different file tvpes. In this case, the TLOCD svstem actually
!
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When destzning a database, attempts should be made to maximize the
susten's storage allocation potentiel. This consideration was neglected in the TLOCD
design, Conscquently, many of the records in each of its three databuses contain data
commen o records i thie other two databases. or example, the Nationul ltem
[dentiftcation Number {NTIN) and date fields are found in all three record tvpes of the
TLOCD svstem. This data redundancy across databases should be avoided whenever

~ossiitle in order to achieve a higher level of storage efficiency.

Care should be taken not to merge separate entities such as the TLOCD
databases in an attemint to delete redundant information. Such an attempt could lead
S owered e, continued data redundancey, and L wanted toss of valuable dita. Note

- '

[Pore 2 which rhiree Genitious e wables of the TLOCD svstem are merged into
singie tbie made up of tuples that represent data records. Notiee that there are no
enwies in some of the record flelds. The space mwust still be maintained and is virtuaily
wasted. Now notice the data redundancy among the record fields. Furthermore, if a
record were ever to be damaged or destroved the audit trail data (or that date would be
lost, resulting in an inaccurate historical account of inventory items. That 1s the reason
why multiple entities should not be routinely merged into a single table to reduce
redundaney when designing a database for a particular svstem.
Cost Eifectiveness
Businesses  today  are constuntly in search of managerial tools and
manufacturing procedures that reduce overhead and still maintain product reliability.
The U.S. Navy is no ditferent. There are two specific areas in CD-ROM projects such
4y TLOCD where ¢nsts could be trimmed. The first such arca deals with indexing. The
rotal cost for preparing and creating the TLOCD indexes exceeded $9,000 (Lind, 1950,
Ao T he Navy may benefit from providing its own indexing and utilizing $9.000 in
cast savings elsewhere. Any Navy facility with sullicient computer hardware can create
Ceonndenes required for CD-ROM nunufucturing. In fuct, there are hardware and
peourats now wonlable that can perform all steges oft CD-ROND preduction
throuch the prenustering stage. The "CD Publisher” from VideoTools is one <uch
srecducn However, it would be o simiple task 1o assign the job of indong to o mini-
connputer which could grind out the results in batch mede. The main conceri. would be

t

odedding the tvpe of index structure to use for the particular application in order to
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N manime rertermaaee. Taeretore, some knowledze o CD-ROM jndexing would be
n\qr

52 exsentidl.

¢ . , . . . . . .
| The sccond area 1 which costs could be wrimmed involves application
N sottware. The TLOCD application specitic software was created at a cost ol ubout
% e - . . - N~

W So3u00 Qualified Navy personnel can create programs to access the TLOCD database
™ o o N . ‘ .
Lo usinz e Lbrary of C language funciions already resident in the Koy Revord Maager.
)

' Programmers having experience in a high level language should be able to devclo
| g g exI g guag

e . - : . . . .
n::: sutficient € programnung skils within a short time and then produce programs for
) . = i . . . N
;: [1L.OCD and other naval applications. Granted, it is necessary to purchuse software
,.‘ such as the Aey Record Marnager to intertace with the CD-ROM file management
‘ svstenl or else write an independent interface. IHowever, that might not seem very
- ~rudent sinee OLoume and cost to develop and debug such an interface would certamnty
I

o . - ' R
> arove more cosuv dhan an already proven nroduct such as Key Record Mancger which
.{‘ N N vy PN ~ . - .
o has been sold commierciudy for under 8200, [Furthermore, such a task would require a
L C Lo .

® great deal ol svstems programnung in a language such as C at a time when DoD) has
b Jdeclared AD:\ to be the primary language to be utilized in future mulitary projects.
o Since most CD-ROM access software on the market today is C-language oriented. the
J‘ - . . . ~

- Navy should direct research toward devecloping ADA programs to drive CD-ROM

applicanions. There are indications from the CD-ROM industry that AD:\ interfaces

ey

b7 will be available on the consumer marketr within a few months. An alternative to this
b, .
j :._\ approach would be an interface written to  accommodate any  compiled  code
E) ".‘ . . . . . . N
recognizable in the operating syvstem extensions, therefore allowing several different
" g
D) compiled languages to access it.
.

N . : :

T C. TLOCD PROTOTYPE IMPROVEMENT
= 1. Proposed System Modification

- As stated previousy, the current TLOCD svstem accesses and searches three

distinet databases in order to obtain trunsaction, closing balance, and audit trail

128 information for inventory item inquirtes. The svsteny should be modified by extracung
i , _ , ) A A

o he redundant dat from the databases witheut destroving the «sepirate entifies or
>, clomens amieng the three file tvpess This could be accomplished by restructurig the
" Con Durlicane date wauld be removed frem the three files and placed ina separute
'

- T or ONTIN Gie” wlhach 1¢ then linked to the ather tables via multiple pointers [rom
L the NN table or via a chammimg mechanism from one table to the next. Although the
.. pumber obf tables is now increased by oone, such an arrangement docs not imply
=
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meniaencey. The data sterage capaaity s increased und the tables remuan in ay separate
erntitios to be usad Sor other purposes. This new structure would provide three TLOCD
dles swithout duplicate data in such a way that the separate entites associated with the
TLOCD files cach have attributes that apply to that particular entity. Therefore. the
storage requirement is reduced without removing the idea of sepurate entities--which is
a requirement for TLOCD system control.

2. Functional Design Issues

In designing a svstem such as TLOCD there are three issucs of primary
concern: database access, data search, and data retrieval. These criteria will now be
discussed in relationship with the proposed TLOCD modifications.

Accessing the TLOCD database involves locating and “opening” its index and
dara files. The access function must search the CD-ROM darabase directory for the
dutibuse nuame provided hyothe user or the users program. The address of i bile
Control Bleck (FCBy is acquired {rom the Jdatabase directory. The I'CB will contain a
peinter to a list of the keyv record indexes used [or searching the database. It also will
contain a pointer to the beginning address of the actual data on the CD-ROM. This
“double-pointer” configuration allows the system to search a specified index for a key
record value and acquire the relative address of the record within the data file. The
pointer within the data file is then utilized to locate the record. In this way the integrity
of the pointers can be maintained and subsequent scarches can be conducted relative to
the current pointer positions. Such an access function requires two parameters--the
database name as an input parameter and the database address as an output
parameter

The primary objective of the TLOCD system is to obtain historical data about
a narticular NIIN for a specified date. Therefore, the most important fields within the
data records are the NIIN and date ficlds. The NIIN is used to generate a Key record
index. The date field is not used as an index generator. It would not provide a
practical kev record index since there could be possibly hundreds or thousands of
transactions conducted on that particular date. Other ficlds that would generate
adequate kev record indexes include the National Stock Number (NSN) and the
preduct noun name. However, since the TLOCD svstem users deal primarily with the
NN and seldom have the need for additional tdentifiers, no other kev indeves wouid

bhe atilized on a reeular basis.,
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A Normuhy, andeses are numibered sequentiddly and the user s yieried as o
AT . A
N whiteh mdex e desires to scarch. However, since onlv the NTIN index 1s to de created
o for the TLOCD svstem modification, no query is needed and the NIIN index s
( y selected by default. The user 1s prompted to enter the NIIN and the date if'it is known
-
"l or desired. The NIIN s located in the mdex via a balanced tree scarch. A\ pointer is
then foliowed to a list of date records containing the dates on which the NIIN wus
LS =
e transacted and the oilsets ol their associated NIIN records within the lile. The dates
_ are listed 1n ascending numerical order according to their Julian equivalents. The
'--.'.- . R N . . . .
NIIN record offset 1s retrieved, record address computed, and the pointer is moved to
LN
the desired record of the NIIN file. Input parameters for such a scarch [unction
e
RN include: (1) the database address. (2) the index to be searched, (3) the NIIN, and (4
. the date. The function will return the record oflset in relation to the NIIN file origin.
--‘:\ N N . - . N . . - . N
,,:-:.: [ no dute i specuied, the tuncuon wiil rewurn the oilser tor the carliest recorded
"--.-- . L. L. . . . “ . “ . .
- rransacion for the specified NN, See TNgure 9.3 lor an illustrative example.
RN . . .
W Once the record is located in the data file its contents must be retrieved and
: displaved for the user. There are various methods that can be used to achieve the task.
N
SN One such method involves the use of a function similar to the "scan” function found in
. < . . . .
o the C programming language. In such a technique. the record is treated as a string of
)
\l“ . . »e ” . ~ - ~ -~
4 bytes and the string is “scanned” or read into a bufler. The contents of the butler are
’{ . then displaved on the screen. In order to make uny sense of the data, other functions
- must be called upon to format the record string into a readable medium. The record
C L]
- . . . . .
A size must be known so the scan tunction can determine how many bytes to transfer
\":’

into the bufler. This poses no problem for the TLOCD system since its records are ol

fixed length. However. for variable length records, the scan function would have to be

5O

5_:2: Jesigned to ook for a length f{ield at the beginning of cach record--or else receive the
:;__:: information {rom the search functicn. Data retrieval can be similarly executed by string
! j::' man:pulation [uncuons commonly found in such programming lunguages as Pascal and
2_, ADA. Retrieval programs written in € warrant more consideration due to the

luncuage’s powerful screen formatting functions.
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I Other Issues
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Noosvstem design can aflord to ignere the needs and desires of its user

5

L
1

Y
1t e o &

environment. Systems that are not user friendly seldom make an impact 1 the market

place. Such escental TLOCD user response has indicated dissatisfaction with the
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Figure 9.3 Scarch for Specific NIIN.

within the data file only one record at a time. They would benefit from a scroll
funcann which would allow them to move forward or backward within the file any
number of recordss Such a function would not be hard to implement and would idd
Hewivhiee for users. The user would provide an integer (positive or negative) mput for
the number of records he wiches to scroll over. Since the records are of fixed length
such a {function could readily compute the new position of the record in the data hile
and then reposition the pointer o that location. The function would requure three
Imput parameters: (1) current pointer position, (2) record length, and (3) number of
records to <croll. Tt would pass the new record location as an output parameter. An
attempt to scroll past the beginning or end of the data file would result in retrieval of

the {irst or last record in the tile.

-~ - et et - B N . “ WA s R T T I R G ] 3
~ #\,\’\f\’ N DN N Y a : \f ,\¢\¢.¢\*.}\ \(\ %¢\V - WS s m*ﬁ,\ A%



"% s s a

IREY 1w

prompt the user atter each NIIN search to querv the user about closing balance or
audin il duta

Too Zesiop of a nser-mendly e riace oo svstent < comples one and coes
Covoond the reore oo this thosiso The above c.\;;unplcs serve to dlustrate thut dhese issues

DIUNT Do curelun v anaivzed to provide user saustaction.

Anethor e to e concerned el the arranigement of date on the termnad
e A g e 10T N AR I T A HIES B . Sy ers R - IR
o boe curront TLOCD sereen mteriuee displavs u transaction record tor 4 speaiic

NN and then Gueries the user as to whether he wants to view a closing balance or

traad recerd dor the NN Theretore, the user is aware that he must deal with
Ciree serarate groups of Lies. The user has no need to know such itormation and the
statomy sheuwnd anane Gt transparent oo hime Furthermore, the sereen intertuce should
Jispiay data rem across ail three TLOCD relations upon each NIIN inquiry. The
rosult would be a fuller sereen with multiple records being used to provide transaction,

coasin baiancee, and audit trail data about the NTIN. The need no longer exists to
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X. CONCLUSIONS AND RECONMNIMENDATIONS

lhe U.S.

wehnelogies

(%)

Navy 1s constantly and

over 1ts adversaries. CD-ROM

exploring, cxperimenting, seeking  new

A
=\

order to mantain a tactical advante
technelogy warrants immediate  attention  and  funding for implementation  and

applications development.

CD-ROM applications provide a potentiadly valuable comimoditv to the U.S.
Navy at shore facthtes and on board ships at sea. The product is already proven and
the financial risks are munimal. Major shore facilities should proceed and adopt plans

LIRS

SNy e
(SRR

therr mermenent and archival databases 1o CD-ROM anpiications such
e TLOCD svstemn The

the

echinology iy avadanle and is already starunz to carn 4

signiticant niche in clectronic  duta  processing industry. Adthough  an

inplementation retlecting  the proposed TLOCD medifications presented in the
previous chapter cannot be carried out within the scope and time frame of this thesis. it
can be determined from the information presented that such an implementation is

ey ey

plausible and doable within U.S. Navy environments.

CD-ROM 1s the catalvst that will eventually lead to the first paperless ship. Its
use in vonjuncuon with other developing electronic technology such as WORM makes
the goal reachable. The Navy should designate a ship to function as a prototype for

CD-ROM conversion.  The prototype must apply sound database design principles

stch as those emphasized in this study in order to produce ellicient and eflective

performance. [t must also address the tunctionality of the user interfuces designed for

-
Cul

h specific application on an mdependent basis. It these guidelines are [ollowed. the
CD-ROM applications will produce immediate cost savings and increase efliciency and

3

perational readiness by providing [aster access to critical data. [ current research and
development cannot economically produce a {easible optical storage solution (such as

WORN er crasable disesy for constantlv changing data. then the chances for o

Sorerlead shien the near future are greatdy reduced.
I H t .

<

Regardless ol that outcone,

CD-RONM will remain rehiabie and cost-ellective 1or shipboard use providing proper

Gitalh s Iy Conduciod Prior to sy tem integration.
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Commanding Oflicer l
Naval Data Automation Comumand (Code 30y

At LCDR David J. Lind

Washington Navy Yard

Washingron, D.C. 20373-1002

Commanding Officer |
Navy Fleet Material Support Office

P.O. Box 2010

Code 9313

Mechanicsburg, PA 17055
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